cement, and proper shade selection. (9) According to the literature, accurate color match of a ceramic restoration with the surrounding teeth is still doubtful. (10) Therefore, many factors, such as eye exhaustion, viewing conditions, experience of the operator, light source, back ground and available shade guides play a dominant role in color determination. (11, 12) Tooth color can be determined using instrumental methods, such as spectrophotometer, spectroradiometer, colorimeter or visual method using commercially shade guides which are preferred by many clinicians. (13) It has been reported that the precision of shade selection can be reduced to approximately 48% when a shade guide is used. (14) The Vitapan classical shade guide (Vita Zahnfabrik, Bad Säckingen, Germany) is considered the gold standard and the most commonly used guide for shade selection in esthetic dentistry. (15) Although the guide is made from acrylic resin, it is compatible with porcelain systems. (16) It contains 16 tabs and divided into four groups based on hue formulated by the letters: A (reddish/brownish), B (reddish/yellowish), C (grayish), or D (reddish/ gray). An exact letter group contains shade tabs with the same hue, and each hue group is further grouped by increasing chroma and decreasing value, formulated in numeric order, such as B1, B2, B3, and B4. (11) The most commonly used method to evaluate the color difference is the CIE L*a*b* color measuring system, developed by the Commission Internationale de l'Eclairage (International Commissionon Illumination) in 1978. (17, 18) The system define the color of an object within three-dimensional color space which depends on the human color perception according to three coordinates (L*, a*, and b*). (19) The L*coordinate (y-axis) represents the lightness of an object with a range from 0 (absolute black) to 100 (absolute white) (increased L* value means a lighter shade), the a* coordinate (x-axis) represents the red (positive) or green (negative) chroma, and the b* coordinate(z-axis) represents the yellow (positive) or blue (negative) chroma. (20, 21) Color stability of the shade guide over time is a critical factor that may influence shade selection. Most dental clinicians use a shade guide that remains in use throughout the practice service; however, exposure to ultraviolet light can cause changes in color, especially if they are made of resin. (22, 23) Artificial accelerated aging can simulate the oral condition; thus, it is employed to determine the color changes in a shade guide after exposure to ultraviolet light and changes in humidity and temperatures. (6) Evidence is lacking with respect to how the exposure of different light sources in the dental clinic affects the color stability of the shade guide. Therefore, the purpose of this study was to determine the effect of artificial accelerated aging on the color stability of Vita classical shade guide. The null hypothesis was that no color change would occur in the shade guide tabs after accelerated artificial aging.
MATERIAL AND METHODS
One hundred and sixty shade tabs were randomly selected from ten un-used Vitapan classical shade guides and divided into four groups according to hue group in an attempt to cover all essential hues and a broad range of chromas and values. The shade tabs within the same shade group were first inspected visually for any observable color differences.
Color measurements in the current study were done prior to accelerated aging using a non-contact spectroradiometer (PR 705; Photo Research Inc, Chatsworth, Calif) placed 8 cm away from the measured object with a measurement opening size of 1 mm and fiber optic light cable attached to a xenon arc lamp (300W; Newport Corp-Oriel Instruments, Stratford, Conn). Both the spectroradiometer and light cable produces light beam at 45 degrees to the specimen and optical arrangement of zero degree observation. Spectral reflectance (radiance) of all specimens was 380-780 nm with a wavelength interval of 2 nm (SpectraWin 2.0; Photo Research Inc) and next converted to CIE L*a*b* values (D65 illumination and 2-degree observer). Color parameters of each specimen were obtained and defined as (L*, a*, b*) coordinate values using the CIE L*a*b* system. Subsequently, the shade guide tabs were aged for 540 hours (180 cycles) in an accelerated artificial aging chamber (Weather-O-meter; Atlas Ci35A Xenon ® , Atlas Material Testing Technology LLC, Chicago, IL, USA) with a total radiant energy of 450 kJ/m 2 . One surface of each specimen was exposed to a controlled irradiance xenon arc filtered through borate borosilicate glass at 0.55 W/m 2 at 340 nm. The following parameters were included; a black panel temperature of 38°C (dark cycle) and 70°C (light cycle), a dry bulb temperature of 38°C (dark cycle) and 47°C (light cycle), and a humidity of 95% (dark cycle) and 50% (light cycle). The test cycle duration was set for 40 minutes light only, 20 minutes light plus front water spray, 60 minutes light only, and 60 minutes dark plus back water spray.
The shade guide underwent the same color measurements after accelerated aging process to determine the total color change (ΔE), which was calculated using the following formula: (23) (24) (25) ΔE* = [(ΔL*) 2 + (Δa*) 2 + (Δb*) 2 ] 1/2 where (ΔL) is the variation of L* (before and after accelerated aging), (Δa) is the variation of a*, and (Δb) is the variation of b*.
The normality of distribution of was assessed by the Kolmogorov-Smirnov and Shapiro-Wilk tests. The values of (L* and b*) revealed normal (parametric) distribution, while (a*) values revealed non-normal (non-parametric) distribution. Data were presented as median, mean, standard deviation (SD), maximum, minimum, and 95% confidence interval for the mean values.
For parametric data, repeated measures analysis of variance (ANOVA) was used to evaluate the effect of aging on color parameters (L* and b*). One-way (ANOVA) test was used to compare between color changes (ΔL, Δa, Δb and ΔE) of the four shades. Bonferroni's post-hoc test was used for pair-wise comparisons when (ANOVA) test was found to be significant. For non-parametric data, Wilcoxon signed-rank test was used to evaluate the effect of aging on color parameter (a*).
A significant level of P value ≤ 0.05 was used for all comparisons. Statistical analysis was performed using statistical software (v.20.0; SPSS Inc., Armonk, NY, USA) and IBM ® computer (IBM Corporation, Armonk, NY, USA). Table I presents the means and standard deviations (SD) of color coordinates L*,a*, and b*for each color before and after aging. There was a statistically significant difference for L*, a*, and b* coordinates for all specimens, resulting in a decrease in the L* value (P<0.001) and an increase in a* and b* coordinate values (P<0.001). It was evident that the specimens became darker and more reddish and more yellowish. Table II presents the total color change and standard deviations of (ΔL*, Δa*, Δb*, and ΔE).
RESULTS

DISCUSSION
The null hypothesis was that no color change would occur in the shade guide tabs after accelerated artificial aging was rejected. Significant differences were found between the color parameters for all shades, in terms of L*, a*, and b*coordinates.
The Vita classical shade guide was selected in this study because it is the commonly used guide in the dental field for many years. (26) It is crucial to examine the direction of the linear changes in the color variables before and after (AAA), as the overall changes in color (ΔE) are directionless. (13) To obtain more precise records and for the purpose of standardization, the CIE L*a*b* system was used based on three parameters L*, a*, and b*.Color difference between two objects, which determines whether the changes in the overall shade can be detected by the human eye, can be obtained by comparing the differences between the exacting coordinate values for each object before and after it is subjected to meticulous conditions. (10, 21) Ragain et al. (27) revealed that ΔE of 2.29 was considered unacceptable as reported by 50% of the observers. In this study, the mean values of color changes were at unacceptable perception level for all tested groups since (ΔE> 2.29).
Nevertheless, decrease in mean (L*) value after (AAA) indicates loss of brightness. Increase in mean (a*) indicates that the specimens became more reddish. Increase in mean (b*) indicates the specimens became more yellow. These results were in accordance with those of Douglas et al. (28) who found that after exposure to 300 hours of accelerated aging, all evaluated materials became darker and more red and yellow.
Artificial accelerated aging is a method claimed to simulate as closely as possible the clinical parameters. The manufacturer claims that 300 hours of weathering in a weather-o-meter equals one year of clinical service intra-orally. (29) Although, there are no data to support this claim, (30) this method has been used to assess the clinical performance of many dental materials.
Many studies have used this weathering process to test various dental restorative materials for color stability and surface roughness, including dental composites, resin cements, and dental ceramics as these materials are exposed to several variables intraorally, such as ultraviolet light, changes in temperature, humidity, and mechanical forces. (6, 18, 30) The use of this method to test the performance and endurance of dental restorative materials in vitro is convenient and can provide us with a more realistic expectation of the long-term outcome of these restorations.
The method of artificial accelerated aging used in the current study is a weathering process marked as CAM 180. This method-as proposed by ASTM G155-is one of several cycles used for exposure of non-metallic materials by xenon-arc light device. It encompasses alternate exposure of darkness and light as well as intermittent exposure to water spray. Validation of the method was verified by previous studies. (6) In this study, the shade tabs were placed in a weathering chamber for 540 hours (equivalent to 18 months) and subjected to different humidity, temperatures, and UV radiation. Hekimoglu et al, (31) found no differences in color changes when (AAA) was applied for long periods in a weathering machine from 300-900 hours. Ertan et al, (30) concluded that color change was induced in the first 100-300 hours when (AAA) was applied.
With this weathering process a question arouse on how many hours in an artificial accelerated aging device equal one year of clinical service? There is no established answer to this question in the literature. However, the device manufacturer claims that 300 hours in the weathering chamber corresponds to one year of clinical service. (24, 29) It was suggested that color change caused by artificial accelerated aging involving UV irradiation is related to the internal color stability of the material itself, i.e. intrinsic factors within the material, and occurs mostly within 300 hours of accelerated aging. (18, 24, 30) The material of shade guide plays an important role in the color stability. Some shade guide tabs are made of porcelain or resin. The industrial fabrication of the shade guide tabs may affect any color change caused by sterilization or weathering conditions. (32) In the current study, all tested shade tabs showed a significant color change after artificial aging; however, the change may either due to change the ceramic tab itself or it can be due to other accessory component which hold the ceramic tab to the metal arms which include some plastic material, so further studies should be conducted to determine the cause of color difference.
It is important to consider that this aging for the shade tab will negatively affect shade color selection and manufactures should work to solve this problem either through indication an expiration date on shade guide or producing new tap which can withstand aging.
Although the VITA classical shade guide is a popular shade guide in the dental clinic, few studies have been done on the effect of (AAA) on the other shade guides that are available on the market such as 3-D Master shade guide, or the Chromascope shade guide; thus, future investigations are required. Also, clinical studies are mandatory to better simulate intraoral conditions to validate the results of this study.
CONCLUSIONS
Within the limitations of this study, it was found that accelerated artificial aging caused undesirable color changes in the shade guide tabs.
